A study was conducted on the influence of biological insecticides (NeemAzal and Pyrethrum, applied alone and in combinations with organic products) to Bruchus pisorum L. (Coleoptera: Chrysomelidae) population density and rate of damaged seeds. The change of chemical composition in damaged by pea weevil and Cydia nigricana Fabr. (Lepidoptera: Tortricidae) seeds was found. The treatments were performed in budding and budding and flowering stages. The toxic effect of biological insecticides Pyrethrum and NeemAzal after treatment in budding and flowering stages was considerably higher in comparison to the single use. The weevil density was decreased at the greatest rate after treatment with Pyrethrum + Biofa (37.5%) among biological treatments. The biological and synthetic products use had positively influence on the crude protein, crude fiber and phosphorus content. The treatment in budding and flowering stages led to a stronger increase in the crude protein and phosphorus content to a single treatment.
Introduction
For control pea weevil different synthetic pesticides, which have shown very good results, were used, but these chemicals in beginning later on ceased to show toxic effects and in turn insects have acquired wider resistance.
Due to the high selectivity of biological insecticides in most cases do not harmful effects on the natural systems of useful organisms.
The orientation to biological plant protection means can solve the problem of preserving the harvest; improve product quality and environmental protection.
Many countries have shifted from increased production and productivity to sustainability and eco-friendly production system.
The use of plant products for pest control are eco-friendly and very safe to non-target organisms. These are also considered as traditional practices. According to Grainage and Ahmed [GRAINAGE and AHMED, 1988] quoted by Paneru and Giri [PANERU and GIRI 2003] plants are the richest sources of renewable active chemicals that check insect populations.
The active ingredients are the secondary metabolites which disrupt the fundamental, physiological and biochemicals processes of insects.
Plants are the natural "Chemical Factories" providing the richest sources of organic chemicals on earth [SHRESTHA, 2006] . Pyrethrum is the most widely used botanical insecticide. Neem has been used for more than 4,000 years in India and Africa for medicinal as well as pest control purposes [SHRESTHA, 2006] . Many authors studied the biological activity of Pyrethrum and Neem for pest control [YANKOVA, 2010; ANDREEV et al., 2008; DEKA et al., 2011] . The biological activity of pyrethrum and neem products, applied alone or in combination with different organic products, has not been sufficiently studied and compared, or their impact on population density of pests.
Therefore the aim of the present study was to determine the impact of the biological insecticides NeemAzal-T/S and Pyrethrum on Bruchus pisorum population density, and their interaction with two organic products, and to compare their biological activity with Nurelle D (applied individually and in a combination) in spring forage pea.
Material and methods
During the 2011-2013 period in the experimental field of the Institute of Forage Crops, Pleven, Bulgaria (43°23.312' N; 24°34.856' E; altitude 230 m), a study was conducted on the influence of biological insecticides to Bruchus pisorum L.
(Coleoptera: Chrysomelidae) population density, rate of damaged seeds and change of the chemical composition in damaged seeds.
The two-factor field trial was conducted using a split-plot design: factor A-products and their mixtures, including 12 levels; factor B-stages of treatment, including 2 levels: b1-at budding, b2-at budding and at flowering.
Combining the levels with the two factors 24 variants were obtained. Nurelle D (synthetic insecticide), applied individually and in combination with Flordimex 420 (synthetic growth regulator), was used as a standard.
Trial variants and product characteristics are shown in Table 1 . The data were subjected to ANOVA, and the means were compared by Tukey's test at 5% probability (p ≤ 0.05).
Results and discussion
One of the main and most important specialized pests in pea is pea weevil Bruchus pisorum L.
(Coleoptera: Chrysomelidae). The pea weevil control is difficult, due to the hidden way of larval development, and it performed primarily against adult individuals. In the present study biological insecticides, Pyrethrum and NeemAzal affected the population density of the pest after their application.
The alone treatment of plants with Pyrethrum and NeemAzal in the budding stage, the weevil density decreased by 16.1 and 11.2% respectively. In their combined use with Biofa and Polyversum, the reduction was similar and varied in the range 9.0-19.3% as the differences between them and control (as well as products and without insecticidal activity) were no significant (P <0.05).
The toxic effect of biological insecticides in twice treatment (in budding and flowering stages) was considerably higher as the weevil numbers significantly reduced in comparison with the control of 19.9 (NeemAzal T/S) to 37.5% (Pyrethrum + Biofa) (P <0.05). An exception was observed after treatment with NeemAzal + Biofa, where the differences were not significant.
Compared with a single treatment, the weevils density reduced on average by 25.3% in the Pyrethrum and by 13.4% in NeemAzal (regardless of its alone or combined use). Significant difference was established between single and twice applied of Pyrethrum + Biofa (P <0.05).
In comparison with the application of the bioinsecticides, the synthetic insectiside Nurelle D and Nurelle D+Flordimex reduced in a considerably greater degree the B. pisorum density in budding and flowering stages.
The differences between biological and synthetic insecticides were statistically significant, except treatments with NeemAzal (Р<0.05). A significant reduction was detected after the twice treatment with Nurelle D+Flordimex in comparison to the single.
An important factor for the pronounced reduction after twice treatments was a more prolonged period during which the plants were protected against the pea weevil. The effect of the treatment on the pest numbers occurs when its density is large enough to establish reliable differences between the studied variants. The B. pisorum density in the budding stage was low and mainly no observed significant difference between the treatments. After application of Pyrethrum the decrease was 16.7%, while after NeemAzal-10.6%.
The pest was established in a considerably higher density in the flowering stage and the decrease in reuse of products was more pronounced.
After Pyrethrum applied, the decrease was 35.5%, while after NeemAzal the decrease was lower-20.2%. Regarding the parameter rate of pest damaged seeds in both, single and twice treatment, a significant reduction in the value in comparison to the control and variants without insecticidal products was observed in all insecticidal variants (Р<0.05). In budding stage, the combined use of Pyrethrum lead to a significantly less pronounced damage to the seed in comparison to NeemAzal variants (P <0.05). A similar trend was in budding and flowering stages.
The twice use of NeemAzal + Polyversum was associated with significant decrease compared to NeemAzal, as well as the treatment with Pyrethrum + Biofa to Pyrethrum + Polyversum and NeemAzal + Polyversum to NeemAzal (P <0.05). The combination of Pyrethrum + Biofa led to the lowest rate of damaged seeds among organic product variants, such as the differences were significant with the exception of alone-use of Pyrethrum.
The Nurelle D treatments had the slightest damage and differences with other were significant. High toxic effects of Pyrethrum against weevils reported Loth and collab. [LOTH et al. 2007] , Yankova [YANKOVA 2010] . Pyrethrum contains 32 % sesame oil, which probably additional increased the insecticidal activity. Some authors studied a series of essential oil compounds against pest insects and stored grain products have shown their significant potential to control them by inducing antifeedant, oviposition deterrent and ovicidal effects [SINGH et al., 2009; KOUL et al., 2013; Koul, 2014] . Authors also determined the synergism between various compounds. Products, used in the budding stage increase the crude protein content in the undamaged seeds as the highest content was characterized grain, received after treatment with NeemAzal (6.2%), followed by Nurelle (5.3%) in comparison with the control (Table. 2).
The combination of Pyrethrum with Biofa had the highest phosphorous content and an increase of 37.6%. The results from the chemical analyses were connected with increase of CP content from 4.9 g kg -1 (Biofa) to 6.4 g kg -1
(Pyrethrum+Polyversum) in 2 type damaged seeds in comparison to the respectively healthy seeds and from 0.9 g kg -1 (Nurelle D) to 4.9 g kg -1
(NeemAzal) in 3 type damaged seeds.
Made an impression that with higher values in terms of the increase in the 2 type seeds were distinguished combinations (from 21.2 to 26.3%), while in the 3 type seeds-alone treatment with NeemAzal (15.2%) and no insecticidal products (10.6-14.1%).
The increase in the crude protein content was considerably more pronounced in the second type seeds. Compared to the corresponding control seeds, more pronounced increase was observed in a third type of seeds.
A similar trend was found in the crude fibre content as it increased from 3.2 (NeemAzal + Biofa) to 44.7% (Nurelle D) in the second type of seeds and from 0.1 (Nurelle D + Flordimex) to 37.9% (Flordimex) -in the third type seeds. Pronounced increases in 2 and 3 type seed to the respective healthy seeds were established by Pyrethrum + Polyversum (25.2%) and Pyrethrum + Biofa (34.6%) respectively.
The opposite trend was observed in the calcium content, it decreased in all studied variants and a greater reduction had third type seeds.
In the healthy seeds of treated variants in comparison to control seeds was observed a slight increase in the calcium content, while in the damaged seeds-a decrease.
The result of the damage to the seed was increased of phosphorus content as the highest values had combination NeemAzal + Biofa (34.3%) and Pyrethrum + Biofa (34.3%) in the second type seeds and NeemAzal + Biofa (32.8%) in the third type seeds in comparison to the healthy seeds.
With regard to the dry matter content, it mainly reduced to a negligible extent as compared to the control seeds as well as in damaged seeds in comparison to the corresponding healthy seeds.
The twice treatment in budding and flowering stages resulted in relatively higher values of the chemical parameters (Table 2b) .
According to Schroeder [SCHROEDER 1984 ] essential for protein synthesis in similar studies was not only the product types, but also the stage of the treatment.
The author found increased protein content after product application in the flowering stage in comparison to the other stages, which can be seen in conditions of the experiment.
The product use in budding and flowering stages led to a greater increase of CP content as in the healthy seeds reached 28.13 g / kg (Biofa); while in the budding stage it reached 26.84g / kg (NeemAzal).
The trends, outlined in a single treatment were similar as they were more pronounced in terms the reduction of calcium content and the increase of phosphorus.
The highest increase in the CP content was observed in the Nurelle D variant (29.4%) and NeemAzal (29.2%) in the second seed type, while in the third type seed-in the variants Pyrethrum + Polyversum (14.8%) and Nurelle D (14.0%).
The increase of crude fiber content was more pronounced in the second type of seeds, as the highest values had Pyrethrum (38.5%) and Pyrethrum + Polyversum (30.0%).
A similar situation was observed regarding the third type of seeds in these variants. The calcium content decreased as it was more pronounced in the third type of seeds to the respective healthy seeds. Pyrethrum + Biofa (-92.2%) and Flordimex (-64.0%) were distinguished with the lowest values.
It was noted that calcium decreased in the damaged seeds in comparison to the control, while in the healthy seeds of corresponding variants the Ca content slight increased.
The phosphorus content unidirectional increased in comparison to corresponding healthy seeds in all variants and to the control, as in the damaged by pea weevil seeds it was more pronounced.
The greatest increase was found after treatment with Biofa (37.6%) and NeemAzal (35.6%).
In the damaged from Cydia nigricana seeds the greatest increase had Pyrethrum + Polyversum (29.2%) and NeemAzal + Polyversum (28.8%). -percentage to the corresponding control seeds; 1-Control;2-Biofa; 3-Polyversum; 4-Flordimex 420; 5-NeemAzal T/S; 6-Pyrethrum FS; 7-Nurelle D; 8-NeemAzal+Biofa; 9-Pyrethrum+Biofa; 10-NeemAzal+Polyversum; 11-Pyrethrum+Polyversum; 12-Nurelle D+Flordimex; seeds I-healthy seeds; seeds II-damaged seeds with Bruchus pisorum emergence hole; seeds III-damaged seeds by Cydia nigricana, %-increase / decrease percent from healthy seeds, DM-dry matter, CP-crude protein, CFcrude fiber, Ca-calcium, P-phosphorus, N-nitrogen
It no observed considerable differences in the values of the studied parameters between biological and synthetic products treatments.
The results in Table 2b indicated that the crude protein, crude fiber and phosphorus content in damaged seeds of the cultivars were increased as compared with the healthy seeds due to pest damage. In addition, the increase was expressed to a greater extent in B. pisorum damaged seeds than in the C. nigricana damaged seeds.
It was probably because of destroyed considerably greater seed part by C. nigricana, together with the seed coat. -percentage to the corresponding control seeds; 1-Control;2-Biofa; 3-Polyversum; 4-Flordimex 420; 5-NeemAzal T/S; 6-Pyrethrum FS; 7-Nurelle D; 8-NeemAzal+Biofa; 9-Pyrethrum+Biofa; 10-NeemAzal+Polyversum; 11-Pyrethrum+Polyversum; 12-Nurelle D+Flordimex; seeds I-healthy seeds; seeds II-damaged seeds with Bruchus pisorum emergence hole; seeds III-damaged seeds by Cydia nigricana, %-increase / decrease percent from healthy seeds, DM-dry matter, CP-crude protein, CF-crude fiber, Ca-calcium, P-phosphorus, N-nitrogen
The increase in the protein concentration may be due to the generation of defense-related proteins after insect infestation, which resulted in higher protein content in damaged seeds.
Similar results were reported in an earlier study [NIKOLOVA et al., 2009 , PUTNOKY et al., 2013 , SAMFIRA, et al., 2013 . Lawrence and Koundal [KOUNDAL, 2002] were found that plants defend themselves by producing these defense related proteins at high concentrations. Our results were similar to Rani and Pratyusha [RANI and PRATYUSHA 2013] who found that infested cotton plant expressed higher levels of proteins than normal plant. The protein content was increased in insect damaged groundnut genotypes as compared to uninfected control plants according to War and collab. [WAR et al., 2012 , BUTNARIU et al., 2015 . Zubareva [ZUBAREVA, 2006 , BOSTAN, et al., 2013 , BUTNARIU and BOSTAN, 2011 added that the pea weevil damage led to an increase of total protein content at the expense of albumin fraction and induced increase of trypsin inhibitor activity almost double.
The results of the experiment showed that spring pea treatment with Pyrethrum in combinations with Biofa and Polyversum contributes not only to better pest control, but also to improve the quality of the production, which makes them suitable for use in a an organic farming.
Conclusions
The toxic effect of biological insecticides Pyrethrum and NeemAzal after treatment in both budding and flowering stages was considerably higher in comparison to the single use. The pea weevil density was decreased at the greatest rate after treatment with Pyrethrum + Biofa (37.5%) as in comparison to the synthetic combination Nurelle D + Flordimex differences were insignificant. The combination led to the lowest rate of damaged seeds among variants with organic products.
The single and twice treatment with the biological and synthetic products had positively influence on the crude protein, crude fiber and phosphorus content.
The calcium decreased. The treatment in budding and flowering stages led to a stronger increase in the content of crude protein and phosphorus to a single treatment. The highest increase in the content of crude protein and phosphorus was observed in alone application of Biofa, NeemAza and Nurelle D (26.5-29.4%) in the damaged by Bruchus pisorum seeds, while in the damaged from Cydia nigricana seeds -after use of Pyrethrum + Polyversum (14.8%) and NeemAzal + Polyversum (10.7%).
